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Abstract 
The most important public concern about CO2 geological storage is the long term isolation performance. To prevent the stored 
CO2 leakage into groundwater sources or the atmosphere, the possible leakage paths, must be examined and identified. Cap rock 
integrity is the most important factor to evaluate the long-term CO2 isolation performance. 
Shenhua CCS demonstration project has several reservoir-cap rock combinations from 1300 to 2500 meters in the storage filed. 
The formation fluids were collected from 6 formations-- 3 storage target formations, 1 buffer formation below the caprock, 1 
formation above the caprock, 1 formation closed to ground. Dissolved free carbon dioxide and bicarbonate radical(HCO3-) have 
been test as soon as possible, then the mineralized degrees were determined by gravimetric method in 24 hours. One of the 
samples was acidized with nitric acid to pH=2 after filtration, then concentration of common ions were determined by ion 
chromatograph. CO2 solubility measured from normal pressure and temperature to formation temperature and pressure. The 
caprock integrity is proved good enough for CO2 geological storage based the preliminary chemistry analysis. 
After preliminary analysis, according to the parameters and data collected from the inject test, production test, the integrity of the 
caprocks  between the storage layers is also good enough according to the parameters and data collected from the injection tests 
and production tests. 
© 2013 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
As a way to avoid global warming phenomenon and reduce greenhouse gas emission, CO2 geological storage in 
deep underground formation, especially in saline aquifers, has profound potential importance. The most important 
public concern about CO2 geological storage is the long term isolation performance. To prevent the stored CO2 
leakage into groundwater sources or the atmosphere, the possible leakage paths, must be examined and identified. 
Cap rock integrity is the most important factor to evaluate the long-term CO2 isolation performance. 
2. The Shenhua CCS demonstration project 
Shenhua CCS demonstration project, with a capacity of 100,000 tones CO2 per year, which is currently in operation 
is the first fully process of CO2 sequestration in saline reservoir in China. The project is located in Ejin Horo Banner 
of Ordos City, Inner Mongolia. It is currently China’s first pilot project for deep salt/saline aquifer storage, as well as 
China’s first entirely coal-based CCS demonstration project. The project is comprehensive CCS demonstration 
project that combines capture, purification, compressed storage, injection, low-permeability geological storage, as 
well as monitoring. This is the first project tailored to geological storage of CO2 in low porosity, low permeability 
saline aquifers, where by CO2 is injected into a saline aquifer and fractures have been used to enhance permeability. 
This is an important investigation because China’s geology is characterized by similar storage sites. [1-2] 
3. Formations of the geological storage site  
The geology of Shenhua CCS demonstration project geological storage site is characterized as low porosity, low 
permeability saline aquifers. The sequestration plan of Shenhua project is multilayered injection. There are several 
reservoir-cap rock combinations from 1300 to 2500 meters in the storage filed. But for safety reasons, the top 
reservoir-cap rock combination has been set as buffer layer. Consequently, the objective injection formations are 
below 1600.  
In this paper, all of the samples are collected from formation fluids. They get from 6 target formations--1 formation 
closed to ground, 1 formation above cap rock, 1 buffer formation below cap rock, 3 storage formations. Formation0 
is around 100m depth, it is the water source of well drilling and fracturing fluid. Formation1 is around 950m depth, it 
is just above the cap rock formations. Formation2 is around 1550m depth, it is in the lower part of the buffer layer. 
Formation3 is around 1700m depth, it is the main inject formation. Formation4 is around 1900m depth, it is one of 
the inject formation, and hydraulic fracturing have been used in this formation. Formation5 is around 2200m depth, 
it is one of the inject formation and hydraulic fracturing have been used in this formation.. 
 
4. Experiments and results 
The formation fluids were collected from target formations. The samples from every formation divided to several 
parts for different tests, then test or sealed preservation as soon as possible to isolate the air from outside. Dissolved 
free carbon dioxide and bicarbonate radical (HCO3-) have been test as soon as possible, then mineralized degree 
determined by gravimetric method in 24 hours. One part of the samples acidizing with nitric acid to pH=2 after 
filtration, then concentration of common ions determined by ion chromatograph. CO2 solubility measured from 
normal pressure and temperature to formation temperature and pressure. 
 
4.1. Free CO2 ,bicarbonate radical (HCO3-), mineralized degree 
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These tests are finished at storage site. Dissolved free carbon dioxide and bicarbonate radical (HCO3-) have been 
test by titrimetric method as soon as possible, then the mineralized degrees were determined by gravimetric method 
in 24 hours. The concentrations of dissolved free carbon dioxide and bicarbonate radical (HCO3-) and the 
mineralized degree are shown in Fig.1. 
 
Fig.1. Free CO2 ,bicarbonate radical, mineralized degree in formation fluids 
4.2.  Concentration of common ions  
One of the samples was acidized with nitric acid to pH=2 after filtration, then concentration of common ions 
determined by ion chromatograph. NO3
ü  test results are meaningless, because the samples acidizing with nitric acid. 
So we tested the negative ions F—, Cl—, SO42—and the  positive ions Mg2+, Ca2+, Na+, K+. The concentrations of 
common ions are shown in Fig.2 and Fig.3. 
Fig.2. The concentration of negative  ions in formation fluids 
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Fig.3. The concentration of positive  ions in formation fluids 
4.3. Formation  fluids age determinations  
The age determination samples were test by radiocarbon dating. Test results of 14C age determinations are shown in 
Table 1. 
Table 1.  Test results of 14C age determinations 
Formation age˄a˅˄half-life period 5730a˅ 
Formation 0 C content below detectable limit 
Formation 1 4132f162 
Formation 2 Modern C 
Formation 3 C content below detectable limit 
Formation 4 6580f191 
Formation 5 16039f476 
4.4. Viscosity coefficient 
Density, Coefficient of kinematic viscosity and coefficient of kinetic viscosity are test at normal temperatures and 
pressures. Test results are shown in Fig.4. 
Fig.4. Density, Coefficient of kinematic viscosity and coefficient of kinetic viscosity in formation fluids 
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4.5. CO2 solubility 
CO2 solubility measured from normal pressure and temperature to formation temperature and pressure. Test results 
are shown in Fig.5 and Fig.6. 
 
Fig.5.  CO2 solubility in water samples at different pressures,  75ć 
Fig.6.  The solubility of CO2 in water sample of Formation5 at different temperatures and pressures 
5. Analysis and discussion 
These samples are collected before the CO2 injection, so these results are the original condition of the from the 
storage site. According to the results above we can know: (1) the composition and properties are very different from 
each other (2) the age determinations of formation2 and formation3 are different from other formations, and they are 
different each other. (3) according the density and CO2 solubility results, maybe some fracturing fluids mix in the 
formation fluids of Formation4 and formation5, that reduce the density and improve the CO2 solubility. But from the 
age determinations, there isn’t too much CO2 in formation0, the age of information4 and information5 are not 
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affected.  All of the unusual data caused by drill or fracture operation, these formations are independent of each 
other. The caprock integrity is proved good enough for CO2 geological storage based the preliminary chemistry 
analysis. 
After preliminary injection, according to the parameters and data collected from the inject test, production test, 
continuing injection result each layer chart, continuing injection monitoring control chart. The integrity of the 
caprocks  between the storage layers is also good enough according to the parameters and data collected from the 
site tests. 
Till now, over 220,000 T CO2 has been injected into the saline aquifer, there have not been any leakage or other 
undesirable results based on the data collected from the monitoring wells.  
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